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Abstract

Background: Inhaled corticosteroids (ICS) are a safe treatment for asthma. However, at higher doses, ICS use has been
reported to inhibit adrenocortical function.

Objective: This study aimed to evaluate the effect of ICS on bone mineral density (BMD) in adult patients with asthma.

Methods: Ultrasonic bone densitometry was performed in 40 patients (14 men, 26 women, mean age 61.2 years, mean
duration of asthma 6.19 years) who were receiving ICS for asthma, and the whole bone density, thickness of cortical bone,
and density of cancellous bone of the radius was measured. The age-matched mean was set as 100%. Lifetime cumulative
dose of ICS was calculated using all past prescriptions.

Results: No significant correlations were observed between lifetime cumulative ICS dose and whole bone density (r?
= 0.011), cortical bone thickness (r* = 0.022), and cancellous bone density (r* = 0.004). No significant differences were
observed between lower and higher lifetime cumulative ICS dose among these BMD parameters (104% vs 97%, 103%
vs 99%, and 106% vs 91%, respectively). No significant correlations or differences in lifetime cumulative ICS dose were
observed by asthma severity, asthma duration, and pulmonary function. Also, serum markers of bone metabolism showed
no significant correlations or differences with lifetime cumulative ICS dose.

Conclusions: In the entire study population, long-term ICS use was safe and was not associated with an increased risk of
osteoporosis.
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Introduction

Inhaled corticosteroids (ICS) have been reported to reduce
the risk of fatal asthma, with improved quality of life for pa-
tients."? Serious side effects following the use of ICS are rare,
unlike oral corticosteroids, and budesonide is an ICS that can
be used safely for asthma in pregnancy.* Thus, ICS use has
greater beneficial effects for asthma and lower side effects for
patients in general.

However, certain side effects have been reported for high
doses of ICS. One such side effect is suppression of the hypo-
thalamic-pituitary-adrenal axis. A case report on patients with
asthma described acute adrenal crisis caused by high doses of

fluticasone propionate.” Also, high doses of both fluticasone
propionate and budesonide in patients with asthma were re-
ported to significantly decrease 24-h urine cortisol excretion
and suppress serum cortisol levels.*” In addition, high doses
of both chlorofluorocarbon-beclomethasone dipropionate and
hydrofluoroalkane-134a beclomethasone dipropionate (HFA-
BDP) for patients with asthma resulted in significantly low-
er 24-h urinary free cortisol excretion than with placebo.® In
contrast, lower doses of fluticasone propionate, budesonide,
DFD-BDP, and HFA-BDP had no effect on the hypothalam-
ic-pituitary-adrenal axis in patients with asthma.®® Although
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the dose and potential duration of ICS therapy will be import-
ant in terms of suppression of the hypothalamic-pituitary-ad-
renal axis, the actual suppressive dose of ICS has not been
determined.

The prevalence of osteoporosis in patients asthma was
reported to be the same as that in those without asthma and
was not increased.’ In addition, high doses of fluticasone
propionate had no effects on bone mineral density (BMD)
from baseline at 2 years."" However, in other studies, asth-
ma was associated with clinically significant BMD decrease,"
and a negative correlation was seen between total cumula-
tive dose of ICS and BMD in patients with asthma.”® Further-
more, ICS in childhood may have potential adverse effects on
growth velocity;"* ¢ therefore, ICS may have potentially harm-
ful effects on bone metabolism in addition to suppressing the
hypothalamic-pituitary-adrenal axis.

These discrepant results suggest that systemic corticoste-
roids may contribute to osteoporosis because they are typical-
ly used to treat exacerbation of asthma.'” Also, the duration of
ICS use, but not daily dose of ICS, will have a greater effect on
osteoporosis in patients with asthma. This study sought to de-
termine the effects of ICS use on BMD in patients with asth-
ma, by analyzing the relationship between BMD and lifetime
cumulative ICS dose for treatment durations of over 6 years
on average.

Materials and Methods
Study design

Subjects were prospectively enrolled for this study. To eval-
uate bone metabolism in ICS, we evaluated the relationship
between lifetime cumulative ICS dose and bone density. We
calculated lifetime cumulative ICS dose from all past prescrip-
tions. For comparison of different ICSs, fluticasone propionate
was used a standard and the dose of other ICSs was calculat-
ed relative to the dose of fluticasone propionate.’ When the
glucocorticoid receptor-binding affinity of dexamethasone
was defined as 100, the affinities of fluticasone propionate,

Table 1. Patient baseline characteristics

budesonide, beclomethasone dipropionate, ciclesonide, and
fluticasone furoate were 1775, 855, 1345, 1212, and 2989,
respectively. According to the above calculation, 100 pg of
budesonide is equivalent to 48.2 pg of fluticasone propionate.
Thus, we evaluated the correlation between lifetime cumulative
ICS dose and bone density.

In a sub-analysis, we evaluated the differences in effects on
bone density between fluticasone propionate and budesonide,
which are used widely in Japan. Where patients had used 2
or more ICSs over a lifetime, patients for whom the lifetime
cumulative ICS dose comprised over 80% of either fluticasone
propionate or budesonide were enrolled in the fluticasone pro-
pionate or budesonide group, respectively.

This study was approved by the ethics committee of Dokkyo
Medical University Saitama Medical Center (No. 1553). Written
informed consent was obtained from all patients.

Subjects

Subjects were patients with stable asthma who visited to
our hospital regularly and were receiving ICS for asthma, but
without regular oral corticosteroids. We excluded patients re-
ceiving treatment for osteoporosis and/or supplementation
of calcium and/or vitamin D. Those with complications or
risk factors for osteoporosis, such as rheumatoid arthritis, di-
abetes mellitus, chronic kidney disease, and COPD were also
excluded. However, patients with a history of transient use of
oral corticosteroids and/or corticosteroid infusion for exacer-
bation of asthma were not excluded. In total, 40 patients (14
men, 26 women; mean age 61.2 years) were enrolled. Baseline
characteristics of the patients are shown in Table 1. Basal doses
of ICS were calculated from real doses of budesonide, flutica-
sone furoate, and ciclesonide to a standard dose of fluticasone
propionate. Systemic corticosteroids were used to treat ex-
acerbation of asthma with 2.5 mg prednisolone as a standard
dose. One patient required Step 5 treatment according to the
Global Initiative for Asthma 2018 classification, because the pa-
tient was receiving omalizumab without oral corticosteroids."

Total* Fluticasone propionate Budesonide
group group

Patient (n) 40 15 14
Mean age (years) 61.2+12.6 62.1+11.8 60.0 + 14.5
Male/Female 14/26 6/9 3/11
Duration (years)* 6.19 + 6.05 8.11 + 6.69 2.84 +2.39
Severity

Step 1T 1 1

Step IIT 3 3

Step IV 30 11 10

Step V 0 0
FeNO (ppb) 29.8 £20.6 333+216 27.5+26.0
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Total* Fluticasone propionate Budesonide
group group

Pulmonary Function

%FVC 102.5 +18.1 100.5 +22.9 106.5 + 14.9

%FEV, 91.3+19.7 92.4+234 943 +15.3

FEV % 69.9 £ 10.6 72.1+11.6 70.0 +8.72

%V, 51.4 +29.6 59.6 + 31.0 49.9 + 30.6

%V 354 +225 45.6 +27.9 30.3+13.8
Basal dose of ICS (ug/day)* 305.6 + 181.6™ 399.6 £232.0 217.9 + 83.9%
Systemic corticosteroids (mg/month)** 25+85 03+1.3 07+1.8
Concomitant drugs

LABA 37 14 12

LTRA 22 8 7

Theophylline 10 5 2

Mean + standard deviation (SD). *: P < 0.01.

* Total means all ICSs, including beclomethasone dipropionate, ciclesonide and fluticasone furoate.

* Fluticasone propionate was used as a standard relative to which the dose of other ICSs was calculated.

*** Prednisolone was used as a standard relative to which the dose of other corticosteroids was calculated.

FeNO, Fractional exhaled nitric oxide; %FVC, forced vital capacity (% of predicted); %FEV , forced expiratory volume in 1 s (% of predicted); %V, maximum expira-

tory flow at 50% of the forced vital capacity (% of predicted); %V,
beta-adrenoceptor agonist; LTRA, leukotriene receptor antagonist.

No significant differences were observed in baseline character-
istics between budesonide and fluticasone propionate, except
duration and basal doses of ICS.

Measurement of bone density and markers of bone metabolism

Bone density in the radius was measured using the LD-100
ultrasonic bone densitometry system (Oyo Electric Co., Ltd.,
Kyoto, Japan). The LD-100 measures three kinds of bone den-
sity in the radius, namely, whole bone density, cortical bone
thickness, and cancellous bone density.*** It measures the
propagation speeds of fast and slow waves in the radius, and
the attenuation (dB) of these waves gives whole bone density
in the radius. For ease of understanding, attenuation in the
young adult mean (YAM) or the age-matched mean (AM)
were set as 100%.%* Cortical bone thickness (mm) and cancel-
lous bone density (mg/cm?®) are calculated using these parame-
ters. Bone density was measured at least three times in different
months and the means of the values were calculated.

We also measured bone metabolism markers in serum in-
cluding bone-specific alkaline phosphatase (BAP), tartrate-re-
sistant acid phosphatase 5b (TRACP-5b), whole parathyroid
hormone (PTH), and N-terminal telopeptide (NTx).

Statistical analysis

All statistical analysis was performed using Microsoft® Ex-
cel®* 2016 MSO (Microsoft Corp., Redmond, WA) and JMP*®
Pro version 11.0.0 (SAS institute, Cary, NC) statistical software.
Differences between two independent samples were examined
using the chi-square test and Mann-Whitney U test. Relation-
ships between two parameters were examined using correla-
tion coefficients and linear regression analysis. Differences at

maximum expiratory flow at 25% of the forced vital capacity (% of predicted); LABA, Long-acting

p < 0.05 were considered significant. Results are expressed as
mean = standard deviation.

Results
Relationship between bone density and lifetime cumulative
ICS dose

The whole bone density, cortical bone thickness, and can-
cellous bone density of the radius are shown in Figure 1A, 1B,
and 1GC, respectively. Bone density in YAM was set as 100%.
Mean whole bone density was 90.8 + 11.2%, cortical bone
thickness mean was 3.43 + 0.90 mm, and mean cancellous
bone density was 164 + 50 mg/cm’. Bone density and lifetime
ICS dose showed no significant correlation with whole bone
density (Y = -3.4 * 10°X + 93.2, r* = 0.069), cortical bone
thickness (Y = —0.3 * 103X + 3.6, r2 = 0.093), and cancellous
bone density (Y = -13.5* 107X + 173.0, r* = 0.053).

To remove the effects of aging, whole bone density, corti-
cal bone thickness and cancellous bone density in AM were
set as 100%. These were calculated and the values are shown
Figure 2A, 2B, and 2C, respectively. Mean whole bone den-
sity was 100 + 13%, mean cortical bone thickness was 100 +
21%, and mean cancellous bone density was 99 + 31%. Simi-
larly, bone density and lifetime cumulative ICS dose showed
no significant correlations in whole bone density (Y = -1.6
* 10X + 101.4, r* = 0.011), cortical bone thickness (Y =
—-3.7 ¥ 103X + 103.0, r?> = 0.022), and cancellous bone densi-
ty (Y = -2.3 * 107X + 100.9, r* = 0.004). In the relationship
between lower (< 300 mg), middle (= 300 mg and < 600 mg)
and higher (= 600 mg) lifetime cumulative ICS dose, no sig-
nificant differences were observed between lower, middle, and/
or higher lifetime cumulative ICS dose in whole bone density
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Figure 1. Relationship between lifetime cumulative ICS dose and whole bone density, cortical bone thickness, and cancellous
bone density of the radius (A, B, and C, respectively). For whole bone density of the radius (A), young adult mean was set as
100%. No significant negative correlations were observed.
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Figure 2. Relationship between lifetime cumulative ICS dose and whole bone density, cortical bone thickness, and cancellous
bone density of the radius (A, B, and C, respectively). For bone density, age-matched means were set as 100%. No significant
negative correlations were observed.
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Figure 3. Relationship between lifetime cumulative ICS dose and whole bone density, cortical bone thickness, and cancellous
bone density of the radius (A, B, and C, respectively). For bone density, age-matched means were set as 100%. No significant
differences were observed.




Effect of ICS on osteoporosis in asthma / =N
APJAI

(104.1 + 12.8%, 98.8 £ 12.2%, and 96.9 + 13.7%: Figure 3A),
cortical bone thickness (102.7 + 19.8%, 98.8 + 20.4%, and
99.2 + 24.4%: Figure 3B), and cancellous bone density (106.0
* 30.6%, 98.6 = 32.7%, and 91.2 + 30.8%, respectively; Figure
3C).

Effects of bone density on asthma severity

To examine the relationship between asthma severity and
bone density, the bone density in AM was set as 100% to remove
the effects of aging.

The relationship between BMD and asthma severity is
shown in Figure 4. Two combined groups designated Step 2/3
and Step 4/5 were evaluated, because of the small number of
patients in Step 2 and 5. Mean whole bone density of the radius
in Step 2/3 and Step 4/5 was 98 + 13% and 101 * 13%, re-
spectively. Mean cortical bone thickness and mean cancellous
bone density was 105 + 15 mm and 99 + 22 mm, respectively.
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Cancellous bone density was 92 + 32 mg/cm® and 101 + 31 mg/
cm’, respectively. No significant differences were observed be-
tween Step 2/3 and Step 4/5 in all types of bone density.

The analysis with asthma duration is shown in Figure 5.
In the relationship between short (< 4 years), middle (> 4
years and < 8 years), and higher (> 8 years) duration, no sig-
nificant correlations were observed between lower and higher
lifetime cumulative ICS dose in whole bone density (102.8
+ 11.4%, 99.8 + 16.8%, and 96.8 + 9.8%: Figure 5A), cortical
bone thickness (102.0 + 18.3%, 101.4 + 22.9%, and 96.6 +
24.2%: Figure 5B), and cancellous bone density (108.5 + 32.1%,
95.8 + 35.1%, and 88.4 + 20.1%, respectively; Figure 5C). No
significant correlations were observed with whole bone den-
sity (Y = -0.4X + 102.8, r* = 0.033), cortical bone thickness
(Y = -0.9X + 106.1, r* = 0.069), and cancellous bone density
(Y = —1.0X + 105.4, > = 0.036).
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Figure 4. Relationship between asthma severity and whole bone density, cortical bone thickness, and cancellous bone density
of the radius (A, B and C, respectively). For bone density, age-matched means were set as 100%. No significant differences were

observed.
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Figure 5. Relationship between asthma duration and whole bone density, cortical bone thickness, and cancellous bone density
of the radius (A, B, and C, respectively). For bone density, age-matched means were set as 100%. No significant differences were

observed.
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In the analysis with pulmonary function, no significant
differences were observed between < 100% and > 100% forced
vital capacity (%FVC: % of predicted) in whole bone density
(104.9 + 14.5% and 99.2 + 11.8%), cortical bone thickness
(107.1 £ 23.9% and 96.8 + 20.5%), and cancellous bone den-
sity (108.2 + 33.4% and 97.4 + 31.4%, respectively). Although
the standard value for %FVC is > 80%, we divided the values
for the 2 groups by 100%, because mean %FVC was 103% and
only a few patients had %FVC < 80%. Also, %FVC was not
significantly correlated with whole bone density (Y = —6.5 *
102X + 107.9, r* = 0.008), cortical bone thickness (Y = —1.5
* 102X + 102.0, r? < 0.001), and cancellous bone density (Y =
-1.4* 10X +115.8, r* = 0.006). No significant differences were
observed between < 90% and > 90% Forced expiratory volume
in 1 s ((%WFEV,: % of predicted)) in whole bone density (101.4
+ 14.3% and 101.1 + 12.3%), cortical bone thickness (102.1 +
24.1% and 99.4 + 21.0%), and cancellous bone density (100.2
+ 33.9% and 102.1 + 31.5%, respectively). Although the stan-
dard value for %FEV, is > 80%, we divided the values for the
2 groups by 90%, because mean %FEV, was 91%. Also, %FEV
was not significantly correlated with whole bone density (Y =
5.4*1072X + 96.3, r2 = 0.007), cortical bone thickness (Y = —5.4
*1072X + 105.5, 1 = 0.002), and cancellous bone density (Y = 1.4
*107'X + 88.5, r> = 0.007).

Bone metabolism markers in serum

The mean levels of BAP, TRACP-5b, PTH, and NTx were
14.4 + 5.2 pg/L, 404 + 154 mU/dL, 29.6 + 5.2 pg/mL, and 18.3
+ 7.5 nmolBCE/L, respectively. No significant differences and
correlations were observed in lifetime cumulative ICS dose
(data not shown).

Effects of different ICS agents on bone density

Next, we evaluated the differences between fluticasone
propionate and budesonide in terms of bone density and life-
time cumulative ICS dose. Patients for whom the lifetime
cumulative ICS dose comprised 80% or more of either fluti-
casone propionate or budesonide were defined as the flutica-
sone propionate group or the budesonide group, respectively.
Whole bone density, cortical bone thickness, and cancellous
bone density in AM were set as 100%. Bone density and life-
time cumulative ICS dose showed no significant correlations
with the whole bone density (r* = 0.016 and r* = 0.057), cor-
tical bone thickness (r? < 0.001 and r? = 0.061), and cancellous
bone density (r* = 0.002 and r* = 0.059) in the fluticasone pro-
pionate and budesonide groups, respectively. Also, no signifi-
cant differences were observed between fluticasone propionate
or budesonide in those BMDs (data not shown).

Discussion

In this study, we analyzed the relationship between life-
time cumulative ICS dose and BMD. We used the LD-100 ul-
trasonic bone densitometry system, although the dual energy
X-ray absorptiometry (DEXA) is popular in Japan. Peripheral
quantitative computed tomography (pQCT) is known to have
high accuracy and the LD-100 has high accuracy compa-
rable to that of pQCT. In addition to high accuracy, the LD-
100 has the added benefit of obtaining measurements without
radiation exposure. Therefore, we opted to use the LD-100

in our study.* The LD-100 densitometry system measures
ultrasonic wave attenuation (dB) in the radius, from which
the results are calculated and the percentages are shown with
YAM set as 100%.2°** Our results are shown as percentages
in YAM for whole bone density, but not for ultrasonic wave
attenuation (dB), for ease of understanding.

We found negative correlations between lifetime cumu-
lative ICS dose and bone density of the radius, but these were
not significant (Figure 1). In another analysis, we observed a
positive correlation between age and lifetime cumulative ICS
dose, although this was also not significant. This suggests that
patients who have used large doses of ICS over their lifetime
were older in age. These negative correlations were thus de-
pendent on aging and are not likely a resultant effect of ICS.
Therefore, no significant correlation was seen between bone
density in AM and lifetime cumulative ICS dose as shown in
Figure 2. Although it may be confusing to show the raw data
in Figure 1, we think the raw data should be shown in a scien-
tific study. Finally, use of ICS showed no effects on osteoporo-
sis assessed by whole bone density, cortical bone thickness, and
cancellous bone density over the 6-year observation period.

Several studies have described the relationship between
ICS and BMD for patients with asthma. One report found no
change in BMD at 2 years from values at baseline screening
following 500 pg twice daily fluticasone propionate.'! No sta-
tistically significant relationship was detected between the
use of ICS and reduced BMD in older patients with asthma."
In our study, we evaluated the lifetime cumulative ICS dose
and found no effects of ICS on BMD, which is consistent with
results from previous studies.

However, other studies have suggested that use of ICS re-
duced BMD.'*"*'” While ICS use in childhood may have po-
tential adverse effects on growth velocity,'**¢ the underlying
mechanism may differ between BMD and growth velocity.
This is because ICS use was not significantly associated with
increased risk of fracture in a pediatric asthma population.”
Therefore, in the discrepant results on the relationship be-
tween ICS and osteoporosis, past medical history of systemic
corticosteroids, but not ICS, may contribute to osteoporosis.
Moreover, our study used low-dose systemic corticosteroids
for exacerbation of asthma, and no significant differences
were observed between no systemic corticosteroid group and
with systemic corticosteroid group in those BMDs (data not
shown). In addition, ICS use in childhood will likely have no
effect on BMD. However, older patients with ACO using high
ICS doses were found to be at increased risk of fracture.?
Although COPD is a risk factor for osteoporosis, female pa-
tients with COPD using ICSs have a protective dose-response
effect for osteoporosis.” The differential diagnosis between
asthma and COPD is often difficult, and sometimes both asth-
ma and COPD are present. In our study, patients with pure
asthma and without COPD were enrolled, and based on the
positive findings with regard to ICS and osteoporosis, under-
lying disease like COPD may contribute to osteoporosis, but
not ICS. Although studies with large sample populations will
have high reliability, it will be difficult to accumulate cases
of distinct asthma without overlapping COPD. The number
of subjects in our study was not so large, but we had patients
with pure asthma without COPD, whose prescriptions from
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the onset of asthma were available. Because our data showed
significant normal distribution by the Shapiro-Wilk test (data
not shown), we consider the population size to be adequate for
statistical analysis.

In our study, an ICS dose of 300 ug fluticasone propio-
nate used for over 6 years on average and severe asthma had
no effects on BMD, although high doses of ICS have been re-
ported to suppress the hypothalamic-pituitary-adrenal axis.”®
Thus, ICS use can be considered safe for asthma without risk
of osteoporosis. However, smoking history is reported to be a
risk factor for osteoporosis, and so patients with both asthma
and a history of smoking should be monitored for changes in
BMD.

Conclusion
In the entire study population, long-term ICS use was safe
and was not associated with an increased risk of osteoporosis.
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